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@ Manufacture of high purity low arsenic anhydrous hydrogen fluoride.

@ A process for manufacturing high purity anhydrous hydrogen fluoride (HF) having low levels of arsenic
impurity by contacting anhydrous hydrogen fluoride product, or an intermediate product obtained during the
manufacture of HF, with hydrogen peroxide in the presence of a catalyst which comprises effective amounts of
molybdenum or an inorganic molybdenum compound and a phosphate compound. The volatile trivalent arsenic
impurity in the anhydrous hydrogen fluoride is oxidized to a non-volatile pentavalent arsenic compound and the
resultant mixture is distilled to recover high purity anhydrous hydrogen fluoride with reduced levels of arsenic
impurity. In one emodiment, an oxidizing agent such as nitric acid or a nitrate salt is added to the reaction
mixture to oxidize organic contaminants.
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MANUFACTURE OF HIGH PURITY LOW ARSENIC ANHYDROUS HYDROGEN FLUORIDE

FIELD OF THE INVENTION

This invention relates to the manufacture of high purity anhydrous hydrogen fluoride (HF) with low
levels of arsenic impurity. More specifically, this invention deals with a manufacturing process which
consists of contacting industrial grade anhydrous hydrogen fluoride, or an intermediate product obtained
during the hydrogen fluoride manufacturing process, with hydrogen peroxide in the presence of a catalyst
which comprises effective amounts of molybdenum or an inorganic molybdenum compound and a
phosphate compound, to oxidize volatile trivalent arsenic impurity to non-volatile pentavalent arsenic
compounds and distilling the resultant mixture to recover high purity anhydrous hydrogen fluoride. The thus
recovered HF has low levels of arsenic impurity.

BACKGROUND OF THE INVENTION

A method generally employed in the manufacture of hydrogen fluoride involves heating a mixture of
fluorspar and sulfuric acid in a rotation furnace. The crude hydrogen fluoride gases leaving the furnace are
scrubbed to remove enirained solids, cooled and condensed to form an infial crude product. The intial
crude product formed which comprises at least 95 percent by weight of HF contains various undesirable
impurities and these are removed by fractional distillation to give technical or industrial grade anhydrous
hydrogen fluoride which has a purity of 98.95% HF or better. The industrial grade anhydrous hydrogen
fluoride thus obtained still contains large quantities of undesirable impurities such as arsenic. The amount of
arsenic impurity which is present in industrial grade anhydrous hydrogen fluoride depends on the arsenic
impurity in the fluorspar from which anhydrous hydrogen flucride is produced. The industrial grade
anhydrous hydfogen fluoride generally contains about 50-500 ppm of arsenic impurity. The presence of
arsenic impurity in anhydrous hydrogen fluoride at these levels is highly undesirable for many applications.
Anhydrous hydrogen fluoride is used in the refining and chemical manufacturing industries and arsenic
impurities in anhydrous hydrogen fluoride can poison the catalyst and contaminate the manufactured
product which adversely affects the product quality. In the electronics indusiry, aqueous solutions of
hydrogen fluoride are used as cleaning agents and etchants in the manufacture of semiconductors, diodes
and transistors. A high degree of purity and very low levels of arsenic in anhydrous hydrogen fluoride are
required to prevent minute guantities of arsenic impurity from remaining on the surfaces of said electronic
industry products after they have been cleaned or etched with hydrogen fluoride.

Several processes have been proposed to remove aresenic from industrial grade anhydrous hydrogen
fluoride. Among these are processes which involve multiple fractional distillation in fluoroplastic equipment.
However, such methods are suitable only for the preparation of small quantities of high purity anhydrous
hydrogen fluoride and are not considered to be economical for producing commercial quantities.

U.S. Patent No. 3,166,379 discloses a method whereby high purity aqueous hydrogen fluoride is
produced by treatment with an oxidizing agent such as permanganate or chromate or with an oxidizing
agent and a halogen, preferably iodine, fo convert arsenic impurity to a non-volatile compound. This
process is suitable for the purification of aqueous hydrofluoric acid but suffers from the drawback of
contamination with manganese and chromium compounds when anhydrous fluoride is distilled.

A solution to the above problem is claimed in U.S. Patent No. 3,689,370 which describes a process
involving the addition of an inorganic ferrous salt to anhydrous hydrogen fluoride after the permanganate or
chromate treatment to reduce excess oxidizing agent. However, this process also results in a high level of
iron contamination in the final product.

The iron contamination problem is solved in U.S. Patent No. 4,032,621 which describes a process
involving the addition of a heavy metal free reagent such as hydrogen peroxide to anhydrous hydrogen
fluoride after the permanganate or chromate treatment to reduce excess oxidizing agent. This process is
very sensitive and may not be convenient for continuous operation.

In the systems of the above patents, aresenic is removed from aqueous hydrofluoric acid using
aqueous permanganate solutions. However, because of the corrosion problem in aqueous systems, a
system of that kind is not desirable. The process control of continuous operation in such systems would
also present problems. The addition of water could be overcome by addition of solid potassium perman-
ganate to anhydrous hydrogen fluoride for arsenic removal. But this process is associated with a potential
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oxplosion hazard problem during plant operation.

W. Roland et al., in East German Patent 62,309 (June 20, 1968), claim removal of arsenic from 80- 90%
aqueous HF with 30% H.O, at 40-60°C. They also claim that arsenic removal from anhydrous hydrogen
fluoride could be accomplished by continuously adding anhydrous hydrogen fluoride and hydrogen
peroxide solution of suitable concentration to the reactor maintained at 80-90% HF and 40 to 60°C. The
reactor contents are distilled and absorbed in water to produce purified agueous solution of HF product.
This process is limited to production of aqueous solution of HF product and is not suitable for manufacture
of purified anhydrous hydrogen fiuoride.

U.S. Patent 4,083,841 claims removal of arsenic and sulfate from anhydrous hydrogen fluoride with the
addition of 0.7% H,O. and 0.6% methanol at 0-75°C. But this has the disadvantage of introducing a foreign
material to the process.

U.S. Patent 4,491,570 claims arsenic removal from anhydrous hydrogen fluoride by freating with
hydrogen chloride or a fluoride salt or both and then separating purified anhydrous hydrogen fluoride by
distillation from the non-volatile arsenic compounds. Again, this process has the potential of introducing a
foreign material into purified anhydrous hydrogen fluoride.

U.S. Patent 3,687,622 describes a high pressure distillation process at a pressure of 115 psia or above
to produce low arsenic anhydrous hydrogen fluoride. The main drawback of this process is the very high
pressure required for the distillation.

In all of these prior art processes for arsenic removal, there is danger of introducing a foreign material
to purified anhydrous hydrogen fluoride. A need, therefore, exists for a simple and economical process for
arsenic removal on a continous basis which does not infroduce any appreciable quantities of foreign
material to purified anhydrous hydrogen fluoride and which is safe from explosion hazards.

SUMMARY OF THE INVENTION

In accordance with this invention, a process for manufacturing high purity anhydrous hydrogen fluoride
with low levels of arsenic impurity is provided which does not introduce foreign material into the final
product and which is adapted for continuous operation. The process involves contacting industrial grade
anhydrous hydrogen fluoride, or an intermediate product obtained in the manufacturing process, with an
effective amount of hydrogen peroxide in the presence of a catalyst which comprises effective amounts of
(i) molybdenum or an inorganic molybdenum compound and (ii) a phosphate compound at a temperature
and for a period of time sufficient to oxidize the volatile trivalent arsenic impurities in the anhydrous
hydrogen fluoride to non-volatile pentavalent arsenic compounds and distilling the resulting mixture and
recovering high purity anhydrous hydrogen fluoride with reduced levels of arsenic impurity. The presence of
organic contaminants in the hydrogen fluoride has been found to interfere with the hydrogen peroxide
oxidation of the arsenic impurities. In this case, it has been found that such interference can be avoided by
carrying out the reaction in the presence of an oxidizing agent for the organic contaminents, such as nitric
acid, or a salt thereof.

DETAILED DESCRIPTION OF THE INVENTION AND OF THE PREFERRED EMBODIMENTS

In practice of the invention, hydrogen peroxide oxidizing agent and a catalyst chosen according to the
invention are fed individually or in admixture to an arsenic removal reactor. Industrial grade anhydrous
hydrogen fluoride, or an intermediate product obtained in the manufacture of anhydrous hydrogen fluoride,
containing high levels of arsenic impurity, is fed continuously to the arsenic removal reactor. In the arsenic
removal reactor the volatile trivalent arsenic impurity is oxidized to a non-volatile pentavalent arsenic
compound. The reaction products from the arsenic removal reactor are then fed to a continuous distillation
column. The high purity anhydrous hydrogen fluoride containing reduced levels of arsenic impurity is drawn

. from the top of the distillation column as a product. The waste stream containing high levels of arsenic

impurity is drawn from the bottom of the distillation column. The waste stream is further treated to recover
volatile HF. The non-volatile arsenic impurity is separated and discarded in a suitable manner.

In the process of this invention, substantially all arsenic impurities, whether present in low or high
concentrations, are removed from the anhydrous hydrogen fluoride. Reference herein to "anhydrours
hydrogen fluoride” means hydrogen fluoride that is at least 95% and preferably at least 99.9% by weight
hydrogen fluoride.

The hydrogen peroxide reagent oxidizes volatile trivalent arsenic impurities to non-volatile pentavalent
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arsenic compounds according io the following reaction:

As™3 + H,0, + 2H™— As*® + 2H,0
It forms only water as by-product of reaction. The stoichiometric amount of hydrogen peroxide required by
the above reaction is not enough to convert all the trivalent arsenic impurity to pentavalent arsenic. A large
excess, preferably a minimum of about 3 times the stoichiometric amount, is preferred in order to achieve a
substantial conversion with reasonable reaction time. The excess hydrogen peroxide not used up in the
above reaction decomposes to form H.O and O..

H.0, - H,0 + 0.

It has been found that hydrogen peroxide is completely or substantially decomposed at the end of the
reaction and therefore does not contaminate the final product. Any commercially available hydrogen
peroxide may be used in the process of this invention and may be of reagent grade or commercial grades.
Additionally, the peroxide may be a by-product of other chemical manufacture. Hydrogen peroxide of up to
70% by weight which is commercially available may be used, although any peroxide of other concentrations
may be used in the process of this invention. It is preferable o use 50-70% by weight hydrogen peroxide in
water because it introduces minimum quantities of water to the process.

There are various grades of hydrogen peroxide commercially available and the difference between
reagent grade and commercial grade hydrogen peroxide is important for the process of this invention. The
reagent grade hydrogen peroxide is a pure compound which has very little stabilizers added to it. On the
other hand, the commercial grade hydrogen peroxide contains substantial quantities of stabilizers added to
it. The commonly used stabilizers in commercial grade hydrogen peroxide are sodium stannate and
phosphates or phosphate containing compounds. Therefore, when a commercial grade of hydrogen
peroxide which contains phosphate stabilizers is used in the process of this invention, there may be no
need to add the phosphate component of the catalyst separately.

The amount of hydrogen peroxide preferred to be used in the process of the invention is in the range of
about 0.1 to 1.5% and preferably about 0.25 to 0.5% based on the weight of anhydrous HF.

The upper limit of hydrogen peroxide that may be used in the process of this invention is limited only
by economics, convenience and equipment corrosion problems. The effective amount of hydrogen peroxide
used in the process of this invention depends to a significant extent on the amount of arsenic impurity
present in the original hydrogen fluoride and may depend also on the arsenic impurity level required in the
final anhydrous hydrogen fluoride product.

The process of the invention requires a catalyst to achieve satisfactory results. The catalyst increases
the reaction rate and thereby decreases the reaction time and temperature required for completion of
reaction and also decreases the amount of hydrogen peroxide required for arsenic removal. The catalyst
also results in an increase in the rate at which the volatile arsenic impurities are converted to non-volatile
arsenic compounds.

We have discovered that a suitable catalyst comprises a combination of molybdenum or an inorganic
molybdenum compound and a phosphate compound.

The molybdenum component may be molybdenum metal or an inorganic molybdenum compound such
as a mono-or poly-alkali metal molybdate, a molybdenum oxide or a mono-or poly-ammonium molybdate.
The preferred molybdenum component is ammonium molybdate:

(NHd)s Mo,0. . 4H:0

Suitable phosphate components include phosphoric acid and the inorganic phosphates such as mono-
and poly-alkali metal phosphates and the mono-and poly-ammonium phosphates. The preferred phosphate
component is sodium pyrophosphate, Na.P.0O; . 10 H,0.

The amount of catalyst required in the process of the invention, including the proportion of components,
is that amount and that proportion which is effective to achieve a satisfactory rate at which the volatile
arsenic impurities are converted to non-volatile arsenic compounds. Such amount and proportion will vary
with the objective of the operator and the particular components chosen and can be readily ascertained by
persons skilled in the art.

Generally, at least about 3.7 ppm (based on 100% hydrogen fluoride) of the molybdenum component is
required and at least about 3.5 ppm of the phosphate component is required. However, when the minimum
amount of one of the catalyst components is employed, the other component should preferably be present
in at least 3-4 times the minimum amount. The preferred amount of the molybdenum component is from
about 15-40 ppm. The preferred amount of the phosphate component is from about 25-400 ppm, preferably
from about 100-400 ppm for phosphoric acid and, still preferably, from about 25-50 ppm for sodium
pyrophosphate. High quantities of each catalyst component can be used in the process of the invention,
although such may not be economical or convenient.

The process of the present invention is preferably carried out at a temperature in the range of about 15-
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75°C. Below about 15°C, the reaction generally slows to an impractical rate. The reaction rate increases as
temperature increases. The reaction couid be carried out at temperatures higher than about 75°C but it is
not economical because it requires unnecessarily very high pressure equipment. The most preferred
temperature range for the process of this invention is 50-60°C. The boiling point of hydrogen fluoride is
19.54°C. If the reaction is to be carried out at temperatures greater than 19.54°C, pressure equipment is
required to keep hydrogen fluoride liquid and to carry out the reaction in the liquid phase. The normal
pressure required to keep hydrogen fluoride in liquid phase at about 57°C is about 3.4 atmospheres.

It has been found that organic contaminents in the hydrogen fluoride can interfere with the catalytic
arsenic removal process described herein. Sources for such organic contaminenis include greases from
pumps which are used to transfer the hydrogen fluoride and the raw materials from which the hydrogen
fluoride is prepared. In one embodiment of the invention thereofore, hydrogen fluoride is employed which is
free of an amount of organic contaminents which would interfere with the hydrogen peroxide oxidation of
the arsenic impurities. We have ascertained that as little as 100 ppm of organic contaminents in the reaction
mixture can interfere with the hydrogen peroxide oxidation of the arsenic impurities, but we have not
established the threshold limit. In practice, however, if the oxidation reaction of the arsenic impurities with
hydrogen peroxide does not proceed efficiently, it can be presumed that there is present an interfering
amount of an organic contaminenti, in which case the following embodiment of the invention can be
practised.

When an interfering amount of such organic contaminents are present, it has been found that such
interference with the catalytic arsenic removal process can be avoided or minimized by adding an effective
amount of an oxidizing agent for the organic contaminents. The oxidizing agent chosen should be one
which is effective to oxidize the organic contaminents present, but which does not interfere with the
hydrogen peroxide oxidation of the arsenic impurities.

Suitable oxidizing agents for the organic contaminents include nitric acid and nitric acid salts, such as
alkali metal salts and the ammonium salt. The preferred salt is sodium nijrate. Other suitable oxidizing
agents will be apparent to persons skilled in the art, or may be ascertained by routine testing.

The point of addition of the oxidizing agent for the organic contaminent is not critical, but is preferably
added to the hydrogen fluoride stream prior to addition of the catalyst.

The amount of the oxidizing agent for the organic contaminent to be used is dependent upon the nature
and amount of the organic contaminents present. Generally, about 2-10 parts of the oxidizing agent per 100
parts of organic should be used and, preferably, 5-10 parts of oxidizing agent per 100 parts of organic. The
optimum amount of a given oxidizing agent to use with a given hydrogen fluoride material can readily be
determined by persons skilled in the art by routine experimentation.

The reaction time required for completion of the process of this invention varies over a wide range. The
reaction can be carried out in as little as 2 minutes or less, but is usually carried out at a residence time
greater than 3 minutes. The preferred residence time used for the process of this invention is 30-45
minutes. Although the reaction could be carried out at any residence time greater than 60 minutes, it would
be unnecessary and economically unatiractive to do so.

The process of this invention must be conducted in equipment which is not attacked by anhydrous
hydrogen fluoride so as to preclude contamination by extraneous materials from the reaction equipment.
Accordingly, all surfaces of the reactor, distillation column, column packing, condenser and receiver which
come into contact with hydrogen fluoride must be inert to HF. Suitable materials of construction are metals
such as low carbon steel, stainiess steel, nickel, nickel alloys and piatinum. Of these, low carbon steel is
preferred from the standpoint of economy. Polymeric materials such as polyethylene, polyviny! chloride and
fluorocarbon polymers available commercially may be used. The fluorocarbon polymers are preferred.

The arsenic impurities are converted to non-volatile arsenic compounds or residues with low volatility
compared to hydrogen fluoride. Therefore, elaborate fractionation is not necessary to separate the non-
volatile arsenic compounds from the hydrogen fluoride. Thus, distillation at atmospheric pressure can be
used to separate the non-volatile aresenic impurities and to make high purity anhydrous hydrogen fluoride
with low levels of arsenic impurity.

While the invention is directed primarily to production of high purity anhydrous hydrogen fluoride
containing low values of arsenic impurity, it may also be used for production fo high purity anhydrous
hydrogen fluoride for critical uses such as those required by the electronic industry.

The invention will be further described by reference to the following examples. References to
percentages and parts are by weight based on 100% HF uniess otherwise indicated. In the Tables RG
refers to reagent grade H,0,, CG refers to commercial grade H.0,, TG refers to technical grade H,0, and
DG refers to dilution grade H.O,. Also, in these examples reference is made to the intermediate product
which is obtained during the process of manufacturing industrial grade anhydrous hydrogen fiuoride. The
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intermediate product is anhydrous hydrogen fluoride obtained from the reboiler outlet of the first distillation
column in a two column purification system for industrial grade anhydrous hydrogen fluoride. Standard
analytical methods were employed for hydrogen peroxide and arsenic analyses. Hydrogen peroxide
analyses were made by standardized thiosulfate titration of liberated iodine. Arsenic analyses were made by
absorption of arsine by silver diethyldithiocarbamate in pyridine and spectrophotometric comparison {o a
standard.

The equipment used in the laboratory studies consists of a cylindrical mild steel or Teflon® coated
reactor of about 800 cc. capacity. The reactor is jacketed for circulation of hot and cold water for
temperature control.

The laboratory experiments were conducted using either industrial grade anhydrous hydrogen fluoride
or an intermediate product obtained in the manufacture of anhydrous hydrogen fluoride. The initial vaiue of
arsenic impurity in these products before the reaction was in the range of 500-800 ppm of arsenic as As
metal. In general after completion of laboratory experiments, we did not distill the final reacted reaction
mixture to obtain high purity anhydrous hydrogen fluoride. However, in actual commercial practice, the
reaction mixture will be distilled to obtain high purity anhydrous hydrogen fluoride product. Instead of
analyzing the distilled high purity anhydrous hydrogen fluoride product for As+3, we analyzed the final
reacted reaction mixture for As +3. We have found that As +3 that would be present in distilled high purity
anhydrous hydrogen fluoride is less than or equal fo As +3 prasent in final reacted reaction mixture.

The foliowing Examples, 1 through 4, illustrate that hydrogen peroxide oxidizing agent alone (without
catalyst), while removing arsenic, does not remove sufficient amounts thereof.

EXAMPLE 1

Attempt was made to remove arsenic impurity from industrial grade anhydrous hydrogen fluoride by
using a 30% reagent grade hydrogen peroxide in the laboratory reactor described above. The anhydrous
hydrogen fluoride initially contained arsenic impurity in the range of 500-800 ppm As +3. The reactor was
charged with 400 grams of anhydrous hydrogen fluoride and 6.7 ml of 30% reagent grade hydrogen
peroxide and allowed to react at about 57°C for a period of 45 minutes. The hydrogen peroxide was not
completely decomposed at the end of the reaction. The reaction mixture obtained at the end of the reaction
contained 620 ppm of As+3. The resulis are given in Table 1.

EXAMPLE 2

Attempt was made to remove arsenic impurity from industrial grade anhydrous hydrogen fluoride by
using 50% commercial grade hydrogen peroxide in the laboratory reactor described above. The anhydrous
hydrogen fiuoride initially contained arsenic impurity in the range of 500-800 ppm As +3. The reactor was
charged with 398 grams of anhydrous hydrogen fluoride and 8.4 mi of 50% commercial grade hydrogen
peroxide and allowed to react at about 57°C for a period of 45 minutes. The hydrogen peroxide was
completely decomposed at the end of the reaction. The final reaction mixture after the reactions contained
265 ppm of As +3. The results are given in Table 1 below.

EXAMPLE 3

Attempt was made to remove arsenic impurity from an intermediate product by using 30% reagent
grade hydrogen peroxide in the laboratory reactor described above. The intermediate product initially
contained arsenic impurity in the range of 500-800 pm As +3. The reactor was charged with 400 grams of
intermediate product and 6.7 ml of 30% reagent grade hydrogen peroxide. The reactants were allowed to
react at about 57°C for a period of 45 minutes. The hydrogen peroxide was not completely decomposed at
the end of the reaction. The final reaction mixture obtained afier the reaction contained 470 ppm of As+3.
The results are given in Table 1 below.

Rl
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EXAMPLE 4

Attempt was made to remove arsenic impurity from an intermediate product by using 50% commercial
grade hydrogen peroxide in the laboratory reactor described above. The intermediate product initially
contained arsenic impurity in the range of 500-800 ppm As +3. The reactor was charged with 387 grams of
anhydrous hydrogen fluoride and 8.7 ml of 50% commercial grade hydrogen peroxide. The reactants were
allowed to react at about 57°C for a period of 45 minutes. The hydrogen peroxide was completely
decomposed at the end of the reaction. The reaction mixture obtained after the reaction contained 265 ppm
of As +3. The results are given in Table 1 which follows.

TABLE 1
% Hy0p
Ex. Source  Type of Refore Temp, Reaction
No. of HF  _H,O, Reaction _°C Time,Min.
1 Ind. 30% 0.5 57 45
AHF RG
2 Ind. 50% 1.1 57 45
AHF CG
3 Int. 30% 0.5 57 45
Prod. RG
4 Int, 50% 1.1 57 45
Prod., CG
As™3
% HpOy ppm
Ex. After After
No. Reaction Reaction
l .04
2 0.03 265
3 0.41 470
4 < 0.01 265

The results shown in Table 1 above indicate that there is insufficient arsenic removal from anhydrous
hydrogen fluoride by using hydrogen peroxide oxidizing agent alone (without catalyst) within a reasonable
residence time.

Examples 5-6 illustrate that arsenic impurity is not removed satisfactorily from anhydrous hydrogen
fluoride by using hydrogen peroxide in the presence of just one of the claimed catalyst components.

EXAMPLE §

In this example, an attempt was made to remove arsenic impurity from an intermediate product by
using 30% reagent grade hydrogen peroxide and ammonium molybdate as a cataylst in the laboratory
reactor described above. The intermediate product initially contained arsenic impurity in the range of 500-
800 ppm As3*. The reactor was charged with 419 grams of intermediate product, 7.0 ml of 30% reagent
grade hydrogen peroxide (i.e., containing little or no phosphate stabilizer) and 15.5 mg of ammonium
moiybdate. The reactants were allowed to react at about 57°C for a period of 30 minutes. The hydrogen
peroxide was not completely decomposed at the end of the reaction. The final reaction mixture after the
reaction contained 840 ppm of As +3. The results are given in Table 2 below.
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EXAMPLE 6

In this example, an attempt was made io remove arsenic impurity from an intermediate product by
using 30% reagent grade hydrogen peroxide (i.e., containing little or no phosphate stabilizer) and sodium
pyrophosphate as a catalyst in the laboratory reactor described above. The intermediate product initially
contained arsenic impurity in the range of 500-800 ppm As+3. The reactor was charged with 450 grams of
intermediate product, 7.5 ml of 30% reagent grade hydrogen peroxide and 23.0 mg of sodium
pyrophosphate. The reactants were allowed io react at about 57°C for a period of 45 minutes. The
hydrogen peroxide was almost completely decomposed at the end of the reaction. The final reaction
mixture after the reaction contained 640 ppm As*3. The results are given in Table 2 below.

Examples 7-8 illustrate that arsenic impurity is removed satisfactorily from anhydrous hydrogen flucride
by using hydrogen peroxide in the presence of the catalyst mixfure according to this invention.

EXAMPLE 7

In this example, an attempt was made to remove arsenic impurity from an intermediate product by
using 30% reagent grade hydrogen peroxide and ammonium molybdate and sodium pyrophosphate as
catalysts in laboratory reactor described above. The intermediate product initially contained arsenic impurity
in the range of 500-800 ppm As*3. The reactor was charged with 400 grams of intermediate product, 6.7 ml
of 30% reagent grade hyudrogen peroxide, 14.7 mg of ammonium molybdate and 20.5 mg of sodium
pyrophosphate. The reactants were allowed to react at about 57°C for a period of 45 minutes. The
hydrogen peroxide was completely decomposed at the end of the reaction. The final reaction mixiure after
the reaction contained less than 5 ppm of As*3. The resulis are given in Table 2 below.

EXAMPLE 8

In this example, the effort was made to remove arsenic impurity from an intermediate product by using
50% commerical grade hydrogen peroxide (i.e., containing a phosphate stablizer) and ammonium molyb-
date as catalyst in the laboratory reactor described above. The intermediate product initially contained
arsenic impurity in the range of 500-800 ppm As*™3. The reactor was charged with 399 grams of
intermediate product, 4.0 mi of 50% commerical grade hydrogen peroxide and 18.4 mg of ammonium
molybdate as catalyst. The reactants were allowed to react at about 57°C for a period of 30 minutes. The
hydrogen peroxide at the end of the reaction was completely decomposed. The final reaction mixture after
the reaction contained less than 5§ ppm As*3, The results are given in Tabie 2 below.

EXAMPLE 9

In this example, an effort was made to remove arsenic impurity from industrial grade anhydrous
hydrogen fluoride by using 50% reagent grade hydrogen peroxide and ammonium molybdate and sodium
pyrophosphate as catalysts in laboratory reactor described above. The industrial grade anhydrous hydrogen
fluoride initially contained arsenic impurity in the range of 500-800 ppm As*3. The reactor was charged with
398 grams of anhydrous hydrogen fluoride, 4.0 ml of 50% reagent grade peroxide, 7.3 mg of ammonium
molybdate and 10.2 mg of sodium pyrophosphate. The reacianis were allowed to react at about 57°C for a
period of 45 minutes. Hydrogen peroxide was almost completely decomposed at the end of the reaction.
The final reaction mixiure after the reaction contained less the 5 ppm of As*3. The results are given in Table
2 below. :

"
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TABLE 2
Cat. Added
Sad.
Type % Hy0o Am. Pyr.
Ex. Source of Before Mol, Phos., Temp.
No. of HF H-0, Reaction ppm ppm °C
5 Int, 30% 0.5 37 0 ~ 57
Prod. RG
6 Int, 30% 0.5 0 51 ~ 57
Prod. RG
7 Int. 30% 0.5 37 51 ~ 57
Prod. RG
8 Int, 50% 0.5 46 0 ~ 57
Prcd. CG
9 Ind. 50% 0.5 18 26 ~ 57
AHF RG
Ast3
EXx. Time, after After
No. Min, Reaction Reaction
5 30 0.28 640
6 45 0.01 640
7 45 < 0,01 <5
8 30 < 0,01 <5
9 45 0.01 <5

The above results indicate that in conjunction with reagent grade hydrogen peroxide which has very
little stabilizers added to it that ammonium molybdate alone is not a catalyst for the process of this
invention (Example 5). Sodium pyrophosphate alone is not a catalyst for the process of this invention
(Example 86). Ammonium molybdate and sodium pyrophosphate (or a polyphosphate) together act as
catalyst for the process of this invention (Example 7). In Example 8, ammonium molybdate alone appears to
be acting as a catalyst when it is used with commerical grade hydrogen peroxide because commercial
grade hydrogen peroxide contains phosphates as stabilizer and supplies the desired catalyst for the
process of this reaction.

In Example 9, it is shown that the process of this invention applies not only to an intermediate product
but also to industrial grade anhydrous hydrogen fluoride and that ammonium molybdate and sodium
pyrophosphate together act as a catalyst.

Examples 10, 11 and 12 illustrate that molybdenum metal and various molybdenum compounds
together with polyphosphates act as a catalyst for the process of this invention.



10

20

25

30

35

40

45

50

55

0 280 439

Example 10

In this example, an attempt was made to remove arsenic impurity from industrial grade anhydrous
hydrogen fluoride by using 30% reagent grade H.0. and sodium molybdate, Na,MoO. and sodium
pyrophosphate as catalyst in the laboraiory reactor described above. The industrial grade anhydrous
hydrogen fluoride initially contained arsenic impurity in the range of 500-800 ppm of As*3. The reactor was
charged with 400 gm of industrial grade anhydrous hydrogen fluoride, 6.7 ml of 30% reagent grade H,O,,
20.2 mg of sodium molybdate and 20.5 mg of sodium pyrophosphate. The reactants were allowed 1o react
at about 57°C for a period of 35 minutes. At the end of the reaction, H,0, was completely decomposed.
The final reaction mixiure after the reaction contained less than 5 ppm of As*3. The results are given in
Table 3 below.

Example 11

In this example, an effort was made to remove arsenic impurity from industrial grade anhydrous
hydrogen fluoride (AHF) by using 30% reagent grade H.O. and molybdenum trioxide MoO; and sodium
pyrophosphate as catalyst in laboratory reactor described above. The industrial grade AHF initially
contained arsenic impurity in the range of 500-800 ppm As*3. The reactor was charged with 400 gm of
industrial grade AHF, 6.7 ml of 30% reagent grade H.O, 30.0 mg of MoO; and 20.5 mg of sodium
pyrophosphate. The reactants were allowed to react at about 57°C for a period of 30 minutes. At the end of
the reaction, H,0, was completely decomposed. The final reaction mixiure after the reaction contained less
than 5 ppm of As*3. The results are given in Table 3 below.

EXAMPLE 12

In this example an atiempt was made to remove arsenic impurity from industrial grade anhydrous
hydrogen fluoride by using 30% reagent grade H,O. and molybdenum metal and sodium pyrophosphate as
catalyst in equipment described above. The industrial grade AHF initially contained arsenic impurity in the
range of 500-800 ppm As*3. The reactor was charged with 400 gm of industrial grade AHF, 6.7 ml of 30%
reagent grade H,0,, 500 mg of molybdenum metal and 20.5 mg of sodium pyrophosphate. The reactants
were allowed to react at about 57°C for a period of 30 minutes. At the end of the reaction H.0, was
completely decomposed. The final reaction mixture after the reacfion contained less than 5 ppm of As*3.
The results are given in Table 3 below.
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IABLE 3
. Cat, Added
. Sad.
Type % HpOp Mo Pyr.
Ex., Source of Before Comp.  Phos. Temp.
No., of HF H~0 Reac. jsjeul pom °C
10 Ind 30% 0.5 50 51 ~ 57
AHF RG Na,MoOy4
11 Ind 30% 0.5 75 51 ~ 57
AHF RG Mo05
12 Ind 30% 0.5 1250 51 ~ 57
AHF RG Mo metal
ast3
Reac. . & H0p prm
Ex. Time After After
No. Min. Reac. Reac,
10 35 < 0,01 <5
11 30 < 0.01 <5
12 30 < 0,01 <5

The results in the above table show molybdenum metal and various compounds of molybdenum
together with polyphosphates act as catalyst for the process of this invention.

Examples 13 and 14 illustrate that arsenic impurity is removed from anhydrous hydrogen fluoride in the
process of this invention by using hydrogen peroxide as an oxidizing agent in the presence of ammonium
molybdate and monophosphate as a catalyst.

EXAMPLE 13

In this example, the attempt was made to remove arsenic impurity from an intermediate product by
using 30% reagent grade hydrogen peroxide and ammonium molybdate and phosphoric acid as a catalyst
in the laboratory reactor described above. The intermediate product initially contained arsenic impurity in
the range of 500-800 ppm As*3. The reactor was charged with 400 grams of intermediate product, 6.7 ml of
30% reagent grade hydrogen peroxide, 20.5 mg of ammonium molybdate and 160 mg of phosphoric acid.
The reactants were allowed to react at about 57° for a period of 30 minutes. At the end of the reaction,
hydrogen peroxide was completely decomposed. The final reaction mixture after the reaction contained less
than 5 ppm As*3. The results are given in Table 4 below.

EXAMPLE 14

In this example, the effort was made to remove arsenic impurity from an intermediate product by using
30% reagent grade hydrogen peroxide and ammonium molybdate and phosphoric acid as a catalyst in the
laboratory reactor described above. The intermediate product initially contained arsenic impurity in the
range of 500-800 ppm As*3, The reactor was charged with 700 grams of intermediate product, 7.2 ml of
30% reagent grade peroxide, 18.0 mg of ammonium molybdate and 115 mg of phosphoric acid. The
reactants were allowed to react at about 57°C for a period of 45 minutes. At the end of the reaction,
hydrogen peroxide was completely decomposed. The final reaction mixture after the reaction contained less
than 5 ppm As*3. The results are given in Table 4 below.
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TABLE 4
Cat. Added
Type % Hy0O, Am, Phos.
Ex. Source of Before Mol. acid Temp.
No. of HF H50, Reaction pmm pEn °C
13 Int, 30% 0.5 51 400 ~ 57
Prod. RG .
14 Int, 30% 0.3 26 164 ~ 57
Prcd. RG
Ast3
Reac, Hy0, ppm
Ex. Time, A%ter After
No. Min. Reac. Reac,
13 30 < 0.01 <5
14 45 < 0.01 <5

The above results indicate that molybdenum and phosphoric acid (monophosphate) together act as a
catalyst for the process of this invention.

Examples 15-18 illustrate the amount of hydrogen peroxide oxidizing agent required for satisfactory
operation of the process of this invention.

EXAMPLE 15

In this example, an effort was made to remove arsenic impurity from industrial grade AHF by using a
very small quantity of 50% commercial grade H,0O,, ammonium molybdate and sodium pyrophosphate as a
catalyst in the equipment described above. The industrial grade AHF initially contained arsenic impurity in
the range of 500-800 ppm As*3. The reactor was charged with 400 gm of AHF, 0.8 ml of 50% commercial
grade H,0,, 14.7 mg of ammonium molybdate and 20.5 mg of sodium pyrophosphate.

~ The reactants were allowed to react at about 57°C for 55 minutes. At the end of the reaction, H.O, was
completely decomposed. The final reaction mixture after the reaction contained less than 5 ppm As*3. The
results are given in Table 5 below.

EXAMPLE 16

In this example, an effort was made to remove arsenic impurity from an intermediate product by using
small guantities of 50% commercial grade hydrogen peroxide (i.e., containing a phosphate stabilizer) and
ammonium molybdate as a catalyst in the equipment described above. The intermediate product initially
contained arsenic impurity in the range of 500-800 ppm As?*3. The reactor was charged with 403 grams of
an intermediate product, 2.0 ml of 50% commercial grade hydrogen peroxide and 7.5 mg of ammonium
molybdate. The reactants were allowed fo react at about 57°C for a period of 30 minutes. At the end of the
reaction, hydrogen peroxide was completely decomposed. The final reaction mixture after the reaction
contained less than 5 ppm of As*3. These resulis are given in Table 5 below.

EXAMPLE 17

In this example, an attempt was made to remove arsenic impurity from an intermediate product by
using medium quantities of 50% commercial grade hydrogen peroxide (i.e., containing a phosphate
stabilizer) and ammonium molybdate as a catalyst in the equipment described above. The intermediate
product initially contained arsenic impurity in the range of 500-800 ppm As*3. The reactor was charged with
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402 grams of intermediate product, 4.0 ml of 50% commercial hydrogen peroxide and 14.8 mg of
ammonium molybdate. The reactants were allowed to react at about 57°C for a period of 30 minutes. At the
end of the reaction, hydrogen peroxide was completely decomposed. The final reaction mixture after the
reaction contained less than 5 ppm As*3. The results are given in Table 5 below.

EXAMPLE 18

In this example, the effort was made to remove arsenic impurity from an intermediate product by using
farge quantities of 50% commercial grade hydrogen peroxide (i.e., containing a phosphate stabilizer) and
ammonium molybdate as a catalyst in the equipment described above. The intermediate product initiafly
contained arsenic impurity in the range of 500-800 ppm As*3. The reactor was charged with 400 grams of
intermediate product, 9.0 m! of 50% commercial grade hydrogen peroxide and 36.8 mg of ammonium
molybdate. The reactants were allowed to react at about 57°C for a period of 30 minutes. At the end of the
reaction, hydrogen peroxide was completely decomposed. The final reaction mixture after the reaction
contained less than 5 ppm of As*3. The results are given in Table 5 below.

TABLE S
Cat. Added
Scd.,
Type % HyOp Am, Pyr. Reaction
EX. Source of Before Mol. Phos,.Temp. Time,
No, of dF H,0, Reac. jeient ppm _°C Min.
15 Ind. 50% 0.1 37 51 ~ 57 55
AHF G
16 Int. 50% 0.25 18 0 ~ 57 30
Prod. CG
17 Int, 50% 0.5 37 0 ~ 57 30
Prod, CG
18 Int. 50% 1.1 92 0 ~ 57 30
Prod. CG
As+3
% HpOo P
Ex. After After
No, Reaction Reaction
15 < 0,01 <5
16 < 0,01 <5
17 < 0.01 <5
18 < 0,01 <5

The above results indicate that the amount of hydrogen peroxide which can be used in the process of
this invention can range from 0.1% to 1.1% by weight of hydrogen peroxide. The lower limit corresponds to
about 3 times the stoichiometric amount. The preferred amount of hydrogen peroxide to be used in the
process of this invention ranges from 0.25% to 0.5% by weight of hydrogen peroxide. It is projected that
the process of this invention works satisfactorily for hydrogen peroxide greater than 1.1%. The upper limit
of hydrogen peroxide that can be used in the process of this invention is limited only by economics and
convenience.

Examples 19-22 illustrate that the process of the present invention is not limited for use of any one type
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or source of hydrogen peroxide. The catalysis required for the process of this invention can be added
separately or through stabilizers already present in commercial hydrogen peroxide.

EXAMPLE 19

This example was conducted to remove arsenic impurity from an intermediate product by using 70%
dilution grade hydrogen peroxide and ammonium molybdate and sodium pyrophosphate as a catalyst in the
equipment described above. The infermediate product initially contained arsenic impurity in the range of
500-800 ppm As*3. The reactor was charged with 402 grams of intermediate product, 2.8 ml of 70% dilution
grade hydrogen peroxide, 7.4 mg of ammonium molybdate and 10.2 mg of sodium pyrophosphats. The
reactants were allowed to react at about 57°C for a period of 45 minutes. At the end of the reaction,
hydrogen peroxide was completely decomposed. The final reaction mixture after the reaction contained less
than 5 ppm of arsenic. The resulis are given in Table 6 below.

EXAMPLE 20

This example was conducted to remove arsenic impurity from an intermediate product by using 70%
technical grade hydrogen peroxide and ammonium molybdate and sodium pyrophospate as catalysts in the
equipment described above. The intermediate product initially contained arsenic impurity in the range of
500-800 ppm As*3. The reactor was charged with 400 grams of intermediate product, 2.8 mi of 70%
technical grade hydrogen peroxide, 7.4 mg of ammonium molybdate and 10.2 mg of sodium
pyrophosphate. The reactants were allowed to react at about 57°C for a peried of 50 minutes. At the end of
the reaction, hydrogen peroxide was completely decomposed. The final reaction mixiure after the reaction
contained less than 5 ppm of arsenic. The resulis are given in Table 6 below.

EXAMPLE 21

This example was conducted to remove arsenic impurity from an intermediate product by using 50%
reagent grade hydrogen peroxide and ammonium molybdate and sodium pyrophosphate as catalysts in the
equipment described above. The intermediate product initially contained arsenic impurity in the range of
500-800 ppm As*3. The reactor was charged with 410 grams of intermediate product, 4.1 ml of 50%
reagent grade hydrogen peroxide, 7.5 mg ammonium molybdate and 10.5 mg of sodium pyrophosphate.
The reactants were allowed to react at about 57°C for a period of 45 minutes. At the end of the reaction,
hydrogen peroxide was completely decomposed. The final reaction mixture after the reaction contained less
than 5 ppm of arsenic. The resulis are given in Table 6 below.

EXAMPLE 22

This example was conducted to remove arsenic impurity from an intermediate product by using 50%
commercial grade hydrogen peroxide and ammonium molybdate as a catalyst in the equipment described
above. The intermediate product initially contained arsenic impurity in the range of 500-800 ppm As~3. The
reactor was charged with 406 grams of intermediate product, 2.6 ml of 50% commercial grade hydrogen
peroxide and 7.5 mg of ammonium molybdate. The reactants were allowed to react at about 57°C for a
period of 15 minutes. At the end of the reaction, hydrogen peroxide was completely decomposed. The final
reaction mixture after the reaction contained less than 5 ppm of arsenic. The resulis are given in Table 6
below.
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TABLE 6
Cat. Added
>Cd,
Type % Ho09 Am. Pyr.,
Ex. sSource of Before Mol. Phos. Temp .
No. .of HF H209 Reaction ppm pLm °oC
19 Int. 70% 0.5 18 26 ~ 57
Prod, DG
20 Int. 70% 0.5 18 26 ~ 57
Prcd., TG
21 Int, 50% 0.5 18 26 ~ 57
Prod. RG :
22 int, 50% 0.3 13 0 ~ 57
Prcd., cG
Ast3
Reac, % HpOp pom
Ex. Time, After After
No. . Min, Reaction Reaction
19 45 < 0,01 )
20 50 < 0,01 " <S
21 45 < 0,01 <5
22 15 < 0.01 <5

The results of the above table indicate that the process of the present invention works satisfactorily with
all types of hydrogen peroxide tested.

The following examples illustrate the preferred temperature for satisfactory operation of the process of
the present invention.

EXAMPLE 23

In this example, an effort was made to remave arsenic impurity from an intermediate product at low
temperature by using 50% commercial H,0, (i.e., coniaining a phosphate stabilizer) and ammonium
molybdate as catalyst in equipment described above. The intermediate product initially contained arsenic
impurity in the range of 500-800 ppm As*3, The reactor was charged with 400 gms of intermediate product,
4.2 ml of 50% commercial H.0, and 36.8 mg of ammonium molybdate catalyst. The reactants were allowsd
to react at about 2°C for a period of 35 minutes. At the end of the reaction H.O, was not completely
decomposed. The final reaction after the reaction contained 580 ppm of As*3. The resuits are given in Table
7 below.

EXAMPLE 24

In this example an effort was made to remove arsenic impurity from industrial grade AHF at modsrately
low temperature by using 50% commercial H,O, (i.e., containing a phosphate stabilizer) and ammonium
molybdate and sodium pyrophosphate as catalyst in equipment described above. The industrial grade AHF
initially contained arsenic impurity in the range of 500-800 ppm As™*3. The reactor was charged with 400 gm
of industrial grade AHF, 4.0 mi of 50% reagent grade H.0O,, 14.7 mg of ammonium molybdate and 20.5 mg
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of sodium pyrophosphate as catalyst in equipment described above. The reactants were allowed {o react at
about 15°C for a period of 45 minutes. At the end of the reaction H,O, was completely decomposed. The
reaction mixture at the end of the reaction contained less than 5 ppm of As™3. The results are given in Table
7 below. :

EXAMPLE 25

In this example an attempt was made to remove arsenic impurity from industrial grade AHF at
moderately high temperature by using 50% commercial grade H.O, (i.e., containing a phosphate stabilizer)
and ammonium molybdate and sodium pyrophosphate as catalyst in equipment described above. The
industrial grade AHF initially contained arsenic impurity in the range of 500-800 ppm As*3. The reactor was
charged with 400 gm of AHF, 4.0 ml of 50% commercial grade H.O,, 14.7 mg of ammonium molybdate and
20.5 mg of sodium pyrophosphate catalyst. The reactants were allowed to react at about 35°C for a period
of 45 minutes. H,0, was completely decomposed at the end of the reaction. The reaction mixture at the end
of the reaction contained less than 5 ppm of As*3. The results are given in Table 7 below.

EXAMPLE 26

In this example, attempt was made to remove arsenic impurity from an intermediate product at high
temperature by using 50% commercial grade H.O, (i.e., containing a phosphate stabilizer) and ammonium
molybdate as catalyst in laboratory equipment described above. The intermediate product initially contained
arsenic impurity in the range of 500-800 ppm As*3. The reactor was charged with 402 gm of intermediate
product, 4.0 ml of 50% commercial grade H,0, and 14.8 mg of ammonium molybdate. The reactants were
allowed to react at about 57°C for a period of 30 minutes. H,0, was completely decomposed at the end of
the reaction. The reaction mixture at the end of the reaction contained less than 5 ppm As*3. The results
are given in Table 7 below.
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TABLE 7
Cat. Added
Sad.
Type % HyOo Am., Pyr. Reac.

Ex., Source of Before Mol, Phos. Temp.,
No. of HF H505 Reaction pmm joaul °C
23 Int. 50% 0.5 92 0 ~ 2

Prod. G
24 Ind. 50% 0.5 37 51 ~ 15

AHF CG
25 Ind. 50% 0.5 37 51 ~ 35

AHF G -
26 Int. 50% 0.5 37 0 ~ 57

Pred. cG

as*3
Reac, % Hy02 ppm

Ex. Time After After
No. Min. Reaction Reaction
23 35 0.49 580
24 45 < 0,01 <5
25 45 < 0,01 <5
26 30 < 0.01 _ <5

The above resuits indicate that arsenic is not removed at about 2°C and arsenic can easily be removed
at any temperature in the range of about 15-57°C. The preferred temperature range for the process of this
invention is about 50-60°C. It is projected that arsenic could easily be removed at any temperature greater
than about 57°C although it requires unnecessarily higher operating pressures. A broad operating tempera-
ture range is estimated to be from about 15-75°C.

Examples 27, 28 and 29 illustrate the residence time required in the preferred operation of the process
of this invention.

EXAMPLE 27

This example was conducted to remove arsenic impurity from industrial grade AHF at very low
residence time by using 50% commercial grade H,0, and ammonium molybdate and sodium
pyrophosphate catalyst in the equipment described above. The industrial grade AHF initially contained
arsenic impurity in the range of 500-800 ppm As*3, The reactor was charged with 400 gm of AHF, 4.0 mi of
50% commercial grade H,0,, 14.7 mg ammonium molybdate and 20.5 mg of sodium pyrophosphate. The
reactants were allowed fo react at about 57°C for a period of 3 minutes. At the end of the reaction the H,0,
was completely decomposed. The reaction mixture obtained after the reaction contained less than 5 ppm of
As*3, The results are given in Table 8 below.
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EXAMPLE 28

This example was conducted to remove arsenic impurity from an intermediate product by using 50%
commercial grade hydrogen peroxide (i.e., containing a phosphate stabilizer) and ammonium molybdate as
a catalyst at low residence times in the equipment described above. The intermediate product initially
contained arsenic impurity in the range of 500-800 ppm As*3. The reactor was charged with 406 grams of
intermediate product, 2.6 ml of 50% commercial grade hydrogen peroxide and 7.5 mg of ammonium
molybdate. The reactants were allowed to react at about 57°C for a period of 15 minutes. At the end of the
reaction, the hydrogen peroxide was completely decomposed. The reacfion mixiure after the reaction
contained less than 5 ppm of As*3. The results are given in Table 8 below.

EXAMPLE 29

This example was conducted to remove arsenic impurity from an intermediate product by using 50%
commercial hydrogen peroxide (i.e., containing a phosphate stabilizer) and ammonium molybdate as
catalyst at longer residence time in the equipment described above. The intermediate product initially
contained arsenic impurity in the range of 500-800 ppm As*3. The reactor was charged with 406 grams of
intermediate product, 9.2 ml of 50% commercial hydrogen peroxide and 37.4 mg of ammonium molybdate.
The reactanis were allowed to react at about 57°C for a period of 45 minutes. At the end of the reaction,
the hydrogen peroxide was completely decomposed. The reaction mixture after the reaction contained less
than 5 ppm of arsenic impurity.‘ The results are given in Table 8 below. -

TABLE 8
Cat., Added
Scd.
Ex. Source of Before Mol, phos. Temp. Time,
No. of HF = HOy Reaction pmm ppm °C  Min,
27 Ind. 50% 0.5 37 51 ~ 57 3
AHF G )
28 Int, 50% 0.3 18 0 ~ 57 15
Prod. G
29 Int. 50% 1.1 92 0 ~ 57 45
Pred. &G
ast3
% HpOp jojey
Ex. After After
No. Reaction Reaction
27 < 0,01 <5
28 < 0.01 , <5
29 < 0.0 <5

The results above indicate that 3 minutes are sufficient for satisfactory operation of the process of the
present invention. The resulfs also indicate that satisfactory operation is obtained with reaction times of 15
and 45 minutes. It is projected that satisfactory operation could be obtained at reaction times less than 3
minutes and greater than 45 minutes although it is not economical o use higher residence time in the
process of the present invention. The advantage gained by reducing the reaction time to less than 3
minutes is not great. The preferred reaction time for satisfactory operation of the process of this invention is
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30-45 minutes. )
Examples 30, 31, 32, 33 and 34 illustrate the amount of catalyst required for satisfactory operation of
the process of the present invention.

EXAMPLE 30

In this example the effort was made to remove arsenic impurity from industrial grade AHF at low levels
of ammonium molybdate catalyst using 50% commercial grade H.0. and ammonium molybdate and
sodium pyrophosphate catalyst in equipment described above. The industrial grade AHF initially contained
arsenic impurity in the range of 500-800 ppm As*3. The reactor was charged with 400 gm of AHF, 4 ml of
50% commercial grade H.0,, 1.5 mg ammonium molybdate and 10.2 mg of sodium pyrophosphate. The
reactants were allowed to react at about 57°C for a period of 30 minutes. At the end of the reaction, H,0,
was completely decomposed. The reaction mixture at the end of the reaction contained less than 5 ppm
As™3. The results are given in Table 9 below.

EXAMPLE 31

In this example, the removal of arsenic impurity from an intermediate product was effected by using
70% technical grade hydrogen peroxide and low quantities of ammonium molybdate and sodium
pyrophosphate catalysts in the equipment described above. The intermediate product initially contained
arsenic impurity in the range of 500-800 ppm As™3. The reactor was charged with 400 grams of
intermediate product, 2.8 mi of 70% technical grade peroxide, 7.4 mg of ammonium molybdate and 10.1
mg of sodium pyrophosphate. The reactants were allowsd to react at about 57°C for a period of 50
minutes. At the end of the reaction, the hydrogen peroxide was completely decomposed. The final reaction
mixture obtained after the reaction contained less than 5 ppm of As*3. The results are given in Table 9
below.

EXAMPLE 32

In this example, the effort was madse to remove arsenic impurity from an intermediate product by using
50% commercial grade hydrogen peroxide and ammonium molybdate as catalyst in the equipment
described above. In this case, sodium pyrophosphate catalyst is supplied from commercial grade hydrogen
peroxide. The intermediate product initially contained arsenic impurity in the range of 500-800 ppm As™3.
The reactor was charged with 403 grams of intermediate product, 2.0 ml of 50% commercial grade
hydrogen peroxide and 7.4 mg of ammonium molybdate catalyst. The reactants were allowed to react at
about 57°C for a period of 30 minutes. At the end of the reaction, the hydrogen peroxide was completely
decomposed. The final reaction mixture obtained after the reaction contained less than 5 ppm As*3. The
results are given in Table 9 below.

EXAMPLE 33

In this example, the effort was made to remove arsenic impurity from an intermediate product by using
30% reagent grade hydrogen peroxide and medium quantities of ammonium molybdate and sodium
pyrophosphate as catalysts. The intermediate product initially contained arsenic impurity in the range of
500-800 ppm As*3. The reactor was charged with 450 grams of intermediate product, 7.5 ml of 30%
reagent grads hydrogen peroxide, 16.6 mg of ammonium molybdate and 23.0 mg of sodium pyrophosphate
catalyst. The reactants were allowed to react at about 57°C for a period of 45 minutes. At the end of the
reaction, the hydrogen peroxide was completely decomposed. The reaction mixture obtained after reaction
contained less than 5 ppm of As*3. The resulis are given in Table 9 below.
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EXAMPLE 34

In this example, the effort was made to remove arsenic impurity from an intermediate product by using
50% commercial grade hydrogen peroxide (i.e., containing a phosphate stabilizer) and a large quantity of
ammonium molybdate catalyst. The intermediate product initially contained arsenic impurity in the range of
500-800 ppm As*3. The reactor was charged with 399 grams of intermediate product, 9.3 ml 50%
commerical grade hydrogen peroxide and 257 mg of ammonium molybdate as catalyst. The reactants were
allowed to react at about 57°C for a period of 45 minutes. At the end of the reaction, hydrogen peroxide
was completely decomposed. The reaction mixture obtained after the reaction contained less than 5 ppm
As™3, The results are given in Table 9 below.

TABLE 9
Cat. Added
sad,
% Hy0Op Am. Pyr.
Ex. Source of Before Mol. Phos. Temp.
No, of HF H505 Reaction pmmm pom °C
30 Ind. 50% 0.5 3.7 26 ~ 57
AHF G
31 Int. 70% 0.5 18 26 ~ 57
Prcd, TG
32 Int. 50% 0.25 18 3,5% ~ 57
Prod. CG
33 Int, 30% 0.5 37 51 ~ 57
Pred. G
34 Int. 50% 1.2 645 16.4%* ~ 57
Prod. G
ast3
Reac. % HyOp pEM
EX. Time, After After
No. Min, Reaction Reaction
30 30 < 0,01 <5
31 50 < 0,01 <5
32 30 < 0,01 ' <5
33 45 < 0.01 <5
34 45 < 0,01 <5

*Estimated value from phosphate stabilizer in commercial grade
hydrogen peroxide.

The results in Table 9 indicate that the quantity of ammonium molybdate catalyst varies from 3.7-645
ppm for satisfactory operation of the process of this invention. These results also indicate that the quantity
of sodium pyrophosphate catalyst varies from 3.5 to 51 ppm for satisfactory operation of the process of this
invention. The preferred quantity of catalysts required for satisfactory operation of the process of this
invention are 15-40 ppm of ammonium molybdate and 25-50 ppm of sodium pyrophosphate.
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EXAMPLE 35

In this example, an attempt was made to remove arsenic impurity from an intermediate product
contaminated with a lubricating grease by using 30% reagent grade hydrogen peroxide and ammonium
molybdate and sodium pyrophosphate as a catalyst in the laboratory reactor described above. The
intermediate product initially contained arsenic impurity in the range of 500-900 ppm As*3. The reactor was
charged with 400 grams of intermediate product, 40.0 mg of lubricating grease,, 8.7 mL of 30% reagent
grade hydrogen peroxide, 14.7 mg of ammonium molybdate and 20.5 mg sodium pyrophosphate. The
reactants were allowed to react at about 57°C for a period of 45 minutes. Hydrogen peroxide was not
decomposed at the end of the reaction. The final reaction mixture after the reaction contained 530 ppm
As*3. The results are given in Table 10 below.

EXAMPLE 36

In this exampie, an attempt was made to remove arsenic impurity from an intermediate product
contaminated with a lubricating grease by using 30% reagent grade hydrogen peroxide and ammonium
molybdate and sodium pyrophosphate as a catalyst and nifrate from nitric acid as an oxidizing agent for
grease in the laboratory reactor described above. The intermediate product initially contained arsenic
impurity in the range of 500-800 ppm As*3. The reactor was charged with 400 grams of intermediate
product, 40.0 mg of lubricating grease, 6.7 ml of 30% reagent grade hydrogen peroxide, 14.7 mg of
ammonium molybdate, 20.5 mg of sodium pyrophosphate and 3.4 mg of nitric acid. The reactants were
allowed to react at about 57°C for a period of 30 minutes. Hydrogen peroxide was completely decomposed
at the end of the reaction. The final reaction mixiure after the reaction contained 10 ppm As*3. The resulis
are given in Table 10 below. :

EXAMPLE 37 .

In this example, an attempt was made to remove arsenic impurity from an intermediate product
contaminated with a lubricating grease by using 50% commercial grade hydrogen peroxide and ammonium
molybdate and sodium pyrophosphate as a catalyst and nitrate from sodium nitrate as oxidizing agent for
grease in the laboratory reactor described above. The intermediate product initially contained arsenic
impurity in the range of 500-900 ppm As*3. The reactor was charged with 400 grams of an intermediate
product, 100 mg of a lubricating grease, 4.0 mL 50% commercial grade hydrogen peroxide, 14.7 mg of
ammonium molybdate, 20.5 mg of sodium pyrophosphate and 2.2 mg of sodium nitrate. The reactants were
allowed to react at about 57°C for a period of 30 minutes. Hydrogen peroxide was completely decomposed
at the end of the reaction. The final reaction mixture after the reaction contained 9 ppm As*3. The resulis
are given in Table 10 below.
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TABLE 10
Cat. Added
Scd.
Type % HyO0, Added Am. Pyr. Nit.
Ex. Source of Before Grease Mol. Phos. Canp Temp
No, of HF H-O, Reaction ppm ppn pom  ppm °C

35 Int. 30% 0.5 100 37 51 O ~ 57

Prod. RG

36 Int. 30% 0.5 100 37 51 8.5 ~ 57
Prcd. RG HNO3

37 Int, 50% 0.5 250 37 sl 5.5 ~ 57
Prod. CG NaNO3

as*3

Reac. % HpOp pmm

Ex. Time After After

No. Min, Reac. Reac.

35 45 0.5 530

36 30 0,01 10

37 30 <0.01 9

It is to be understood that various modifications may be made in the details presented without departing
from the spirit and scope of the invention as defined in the appended claims.

Claims

1. A process for manufacturing high purity anhydrous hydrogen fluoride with low levels of arsenic
impurity from arsenic contaminated anhydrous hydrogen fluoride which comprises:

(a) contacting said anhydrous hydrogen fluoride with an effective amount of hydrogen peroxide to
oxidize the arsenic impurity in the presence of a catalyst which comprises a catalytically effective amount of
(i} molybdenum or an inorganic molybdenum compound and (ii) a phosphate compound, at a temperature
and for a period of time sufficient to oxidize volatile trivalent arsenic impurities in the anhydrous hydrogen
fluoride to non-volatile pentavalent arsenic compounds, and

(b) distilling the resulting mixture and recovering high purity anhydrous hydrogen fluoride with
reduced levels of arsenic impurity.

2. The process of claim 1 in which the arsenic contaminated hydrogen fluoride is free of an amount of
organic contaminents which would interfere with the hydrogen peroxide oxidation of said arsenic impurities.

3. The process of claim 2 wherein more than the stoichiometric amount of hydrogen peroxide is used
which is required for oxidation of said trivalent arsenic impurities to said pentavalent arsenic compounds.

4. The process of claim 3 wherein the catalyst contains ammonium molybdate.

5. The process of claim 3 wherein the catalyst contains sodium pyrophosphate.

6. The process of claim 3 wherein the catalyst contains phosphoric acid.

7. The process of claim 3 wherein the catalyst comprises ammonium molybdate and sodium
pyrophosphate.

8. The process of claim 3 wherein the catalyst comprises ammonium molybdate and phosphoric acid.

9. The process of claim 3 wherein the amount of hydrogen peroxide used is at least 3 times the
stoichiometric amount.

10. The process of claim 3 whersin the amount of the molybdenum component in the catalyst is at least
about 3.7 ppm based on 100% HF and the amount of the phosphate component in the catalyst is at least
about 3.5 ppm based on 100% HF. =
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11. The process of claim 1 wherein the arsenic contaminated hydrogen fluoride contains an amount of
organic contaminents which would interfere with the hydrogen peroxide oxidation of said arsenic impurities
and wherein the reaction of hydrogen peroxide with said arsenic impurities is carried out in the additional
presence of an effective amount of an oxidizing agent to oxidize the organic contaminents present.

12. The process of claim 11 wherein the oxidizing agent is nitric acid or a salt thereof.

13. The process of claim 12 wherein the oxidizing agent is sodium nitrate.
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